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THE NASA EARTH AND OCEAN DYNAMICS PROGRAM 

(EODAP) 

F. O. Vonbun 


ABSTRACT 

The central theme of NASA's Applications Program in general is to provide a 
platform for a broad effort to develop practical tools, predictive models and 
observational spaceborne and ground systems to further social and economic 
benefits to society. This program should serve as a tool for and as a positive 
impetus to; a) realizing the equitable and efficient use and conservation of 
natural resources, b) expanding the educational opportunities and medical 
services for aU people, c) providing new opportunities for exchange of infor- 
mation and lessening of international tensions, and d) providing increased 
business and social communications between nations. 

EODAP is part of NASA's overall Applications Program and consists in essence 
of two major parts; one dealing with the solid earth and the other with the world's 
oceans. 

In this paper, the main emphasis will be placed upon the first, since this part 
fits best into the theme of this special session. Practical uses and applications 
of space systems, science and technology will be discussed. What are the phe- 
nomena to be observed, their state of the art and their possible future needs ? 

For instance, the present state of tectonic motion determination is to estimate 
its average motion over millions of years. Our aim is to understand and deter- 
mine these motions to say 0.5 cm/yr over one or two years in order to help in 
the development of earthquake prediction models, to quote an example. Is there 
a correlation between the earth's gravity and magnetic fields and what is its 
implication for earth resources exploration? The Bangui anomaly in central 
Africa is a good example. Large mineral deposits are associated with this 
gravity and magnetic anomaly. 
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THE NASA EARTH AND OCEAN DYNAMICS PROGRAM 

fEODAP) 


I. INTRODUCTION 

In recent years NASA made a rather strong effort to further its programs in 
Space Applications, These programs are concerned with the "use" of space 
science and technology to forecast weather and climate, search for and manage 
our Earth Resources, predict aid monitor the dynamic conditions of the Earth 
and the Oceans, monitor pollution on a global scale, improve communication 
services and process special materials under gravity free conditions. 

The central theme of NASA’s Applications Program is thus to provide a platform 
for a very broad effort for the development of "practical" tools — prediction 
models and observational spaceborne and ground systems to further the social 
and economic benefit of mankind. 

To provide an effective future space program in Applications it has to (94th 
U. S. Congress 1975): a) satisfy human needs; b) contribute to the economy; 
c) contribute to the advancement of knowledge; d) further international partici- 
pation; and e) serve our national security. 

The first goal of a progressive Applications Program has to be that its accom- 
plishments provide clear and immediate benefits to society. Further, such a 
program should give a positive impetus to: a) realizing the equitable and effi- 
cient use and conservation of our national resources; b) expanding the educa- 
tional opportunities and medical services for all people; c) providing new 
opportunities for exchange of information and lessening the international tensions; 
and d) providing increased business and social communications between nations. 

The purpose of this paper is to outline one specific part of NASA’s overall Ap- 
plications Program, namely, that dealing with the Earth and Ocean Dynamics 
[NASA CR-1579, 1970; Vonbun, 1972 and 19751 . This program evolved over 
the years starting with the launch of NASA's geodetic satellites, GEOS-1 and -2 
in 1965 and 1968, respectively. Here for the first time extremely high precision 
information was required for spacecraft tracking essential for exact orbit com- 
putations in order to determine the earth's gravity field and to perform geo- 
dynamic studies. These efforts are culminated in a NASA sponsored study which 
took place in Williamstown, Massachusetts, in 1969 [NASA CR-1579, 19703 . 
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This study identified several ways in which space and astronomic techniques 
could contribute to advance our know-how in the fields of solid earth and ocean 
physics fitting die trend outlined above. 

Since this paper describes mostly a program rather than new scientific findings 
it is not subject to the many short time changes. Thus, portions of this paper 
can be found in reference NASA CR-1579, 1970; Vonbun, 1972 and 1975. Modifi- 
cations of the program as they occurred during the last years are, however, 
taken into proper consideration. It should also be noted that most of the present 
and described experiments were concerned with the earth dynamics part of the 
program. Most of the ocean dynamics experimental results involving Geos-3 
are still in the prepublication state. This may explain to a certain extent the 
lack of new ocean dynamics results to date. Papers dealing with altimetry and 
ocean surface topography based upon data taken during the last Skylab missions 
have, however, been published [McGoogan, 1974; McGoogan, et al., 1974; Vonbun, 
1975] . 


II. OBJECTIVES AND REQUIREMENTS 

The solid earth and the oceans have provided a basis for man’s existence and 
activities on this planet since the beginning of mankind. They have provided 
the needed condition for his life development and have further stimulated his 
aspirations throughout history. At the same time they both have acted as its 
masters, plagued him with natural disasters and influenced severely his daily 
existence. Earthquakes, severe storms, tidal waves, floods, hurricanes, to 
name a few, have wreaked havoc to mankind, taking a large toll of life and 
property. Today, the path of severe storms can be tracked from space, to- 
gether with many other weather phenomena. No question, space science and 
technology play alrea .y and will do so even more in the future, a major part 
in helping man to observe, monitor, manage and hopefully prevent in the future 
some of nature's disasters. 

This particular program is so designed to blend geophysics, geodynamics, and 
ocean dynamics with techniques developed under the space program to actually 
achieve practical applications of benefit to man. 

Thus, the objective of this program is to provide a forum for a broad cooperative 
effort for the development of practical tools — predictive models and observa- 
tional systems — whose output will ultimately be used by the operating agencies 
responsible for the different aspects according to their charters. 
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The program objectives fall more or less naturally into two major categories, 
namely a) Earth Dynamics and b) Ocean Dynamics. 

The discipline of Earth Dynamic? incites the study and observation of such 
phenomena as tectonic plate motion, fault motion, earth rotation and polar 
motion, solid earth tides, as well as the motion of the earth in space. It '*irther 
includes the exact determination of location of tracking stations on the earth 
surface, the determination and improvements of the earth gravitational and 
magnetic fields and in particular the study of their anomalies. The latter ones 
are important for practical applications in the area of mineral and energy 
resources, to quote an example. 

The discipline of Ocean Dynamics encompasses studies and observations such 
as currents, circulation, waves, surface wind temperature fields, sea ice, 
polar ice and its structure, age and dynamics. It is understandable that all 
these phenomena are closely related and are of great interest to the shipping 
and fishing industries, the coastal zones as well as for the general area of 
weather forecasting. The vast ocean areas covering about 70% of the globe's 
surface play a large role in interacting with the atmosphere, thus influencing 
the world's weather and climate. 

The major potential earth oriented Earth and Ocean Dynamics objectives are 
thus to develop and validate methods and models to: 

a. support our continuous and every growing needs and thus search 
for mineral and energy resources by studying the anomalies and 
possible correlation of the earth gravity and magnetic fields, the 
geologic composition and structure of the earth surface; 

b. study plate tectonic, fault a..d polar motions, solid earth tides and 
earth rotation leading together with ground observations to better 
predict probable time, location and intensity of major earthquakes; 

c. refine our knowledge of the earth's gravitational and magnetic fields, 
particularly its globally distributed anomalies, to support studies 
mentioned under (a) above and to refine the earth geoid (sea surface 
topography) to support and further our knowledge on ocean cur- 
rents, circulation, storm surges, and other surface phenomena; 

d. synoptic monitor the world's oceans, transient phenomena including 
the magnitudes and geographical distribution of sea state, surface 
salinity, eddies, tides, surface winds, storm surges, swells with 
emphasis of identifying potential hazards for the shipping and fishing 
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industries as well as the coastal zone areas to provide needed ocean 
surface (air/sea interaction) information for weather and climate 
forecasting; and 

e. assess the general ocean circulations, currents and their transport 
of mass, heat, nutrients, polar ice, ice structure, drift and age, and 
open water areas important for the fishing industry, weather and 
climate forecasting. 

Tables 1 and n list the phenomena, the state of the art and possible future needs 
in the area of earth and ocean dynamics as is possible today. Obviously, the 
values quoted are flexible ones and are intended to give some boundaries of 
what is and/or may be needed. They will be modified to a certain extent as 
time and our accumulated knowledge progresses. 


HI. MAJOR GOALS AND EXPERIMENTS 

The major goals of die EODAP program are shown in tabular form in Table III 
for earth dynamics and Table IV for ocean dynamics. [ Vonbun, 1972] 

It is obvious that for a program of this size and complexity (too many unknowns) 
a rather large supplemental experimental effort has to be undertaken. Strongly 
empirical numerical computer models have to be developed to obtain the answers 
needed. These, in turn, and because of unsufficient theoretical support, need a 
rather large number of measurements with accuracies never thought of before. 
Tables V and VI list experiments planned, some of them are already active, for 
both disciplines. 

Further, the necessary theories, mathematical models and data handling prob- 
lems are being developed at present to assure that these goals are available as 
soon as the missions are flown or the experiments performed. 


IV. SPACECRAFT AND GROUND SYSTEMS 

Both spaceborne as well as ground systems are needed to accomplish, or better 
help to accomplish, the program goals as listed in Tables m and IV. It should 
be emphasized, however, that space science and technology alone can, of course, 
not provide all the answers needed to attain the necessary programmatic results. 
Other branches of science must help to ”build H the mathematical models, for 
instance, for earthquake prediction or ocean currents determination, to quote 
only two examples. Nevertheless, space techniques are needed to provide the 


4 


necessary data to be used as input to the prediction models together with ground 
based and/or in situ measurements. At the end, only a real combined effort will 
succeed. 

Figure 1 shows a time sequence of spacecraft in orbit or under development to- 
gether with ground and spaceborne (satellite-to-sateliite tracking [SST] ) sys- 
tems and their capabilities. It is interesting to note that all spacecraft, except 
Skylab and ATS-6 are equipped (or will be) with laser comer cube reflectors 
for high precision laser tracking essential for both disciplines as will be out- 
lined in the next chapter. 

Figure ?• depicts a planned flight mission schedule in somewhat modified and 
thus more up to date form as presented to COSPAR in 1971 [Vonbun, 19723 . 

Lagers (Laser Geodetic Satellite) is a completely passive spacecraft of high 
mass o area ratio (411 kg, 60 cm diameter) covered with about 426 laser corner 
cubes. This satellite, to be launched in April 1976, will be in a near polar cir- 
cular oihit, about 6,000 km above the earth surface. The main objective of this 
spacecraft i" to act for decades to come as a high precision space reference 
to help to solve ^rollems in the area of earth dynamis (geodetic control, plate 
and fault motion, orbit parameters, laser calibration, etc). 

Seasat-A (Sea Satellite) 


This spacecraft is the first ocean dynamic satellite within the EODAP program. 
It constitutes a major step in the progression from the initial experiments of 
Skylab and GEOS-3 in the evaluation of an ocean dynamics measuring satellite 
leading toward the capability to monitor and predict ocean conditions on a global 
scale. The Seasat spacecraft weight wil’ be able 1000 kilograms with an aver- 
age power of 500 Watts. Its orbit will be an 108° inclined circular with a height 
of 800 km. The spacecraft will carry a microwave altimeter (10 to 20 cm ac- 
curacy), a microwave imaging radar, a microwave scatterometer, an IR imager, 
a visible and IR radiometer, and an array of laser comer cubes for high pre- 
cision Laser tracking. It may also carry a satellite-to-satellite tracking 
transponder. 

Magsat (Magnetic Satellite) 


This is a spacecraft with a weight of 170 kilograms and power of approximately 
175 Watts to be launched in 1980 into an almost circular near polar orbit with 
a perigee height of about 250 km. It will carry a vector magnetometer having 
a measuring accuracy of 3 gammas and an angular accuracy of about 20 seconds 
arc in Hie determination of the direction of the magnetic field vector. The 
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objectives are: a) to contribute to the study of the structure of the earth's 
crust, mantle and core and, b) to obtain an accurate, up-to-date description 
of the earth's main magnetic field. 

EVAL (Earth Viewing Applications Laboratory) 

This is a NASA applications program which utilizes the Shuttle Sortie mode for 
accomplishing remote sensing objectives necessary for toe total NASA applica- 
tions program. In general those payload will require a major portion of the 
Spacelab capacity and resources. They will be designed for maximum cost 
effectiveness by using as much as possible common instruments and integrated 
facilities for multiple objectives, multiple disciplines and multiple missions. 

A series of Spacelab payloads will be devoted to the earth applications program 
using pallets and/or pressurized modules having a mission duration from 7 to 
30 days. Payload specialists, if needed, may accompany some of toe experiments 
in orbit. 

Gravsat/ Geopause 

The Gravsat/Geopause combination is a system of satellites; one in low orbit 
(250 km) and one In high orbit (30,000 km) whose main purposes are to probe 
the earth's gravitational field and help improve its precise description, and to 
provide precise, satellite -to-satellite tracking to SEASAT needed for the EODAP 
program. It should, however, be mentioned that those spacecraft are onl w in 
on advanced planning stage at the present time. 

Figure 3 depicts major ground systems and/or experiments for the EODAP, 

At present, SAFE, SST and the mobile net for altimeter calibration for Geos -3 
are active. The others are in the planning (almost ready) stage as of this time. 

The San Andreas Fault Experiment (SAFE) has as its main goals to learn more 
about the motions along the fault line and strain build up In the earth crust, 
which when too large, causes earthquakes i Smith, Vonbun, 1973] . More specific 
it is intended to measure the motion between two points 100 to 300 km away 
from the fault line and separated by about 1,000 km (San Diego and Quincy, 
California) over several years to within 0.5 cm/year. 

Satellite -To-Satellite Tracking (SST) 

The Tracking and Data Relay Experiment started out originally to be an experi- 
ment to track and communicate between a low orbiting spacecraft, namely, 
Nimbus-6 and a synchronous spacecraft, AT3-6 [Vonbun, 1972]. The objectives 
of this experiment were three -fold: 1) to test the capability of this technique 
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for orbit determination of the low flying spacecraft. If this can be done wife 
this new type of tracking data than the number of ground stations, particularly 
those overseas, car be reduced and in addition the coverage will be increased 
considerably. Both of these facts, of course, are of importance and of practical 
interest; 2) to test the capability of relying on-board data from the Nimbus -6 
via ATS- 6 back to a NASA ground station, if this can be done successfully, it 
will solve some of our problems with both tape recorders as well as problems 
we had in the past with real time data transmission; and 3) can this satellite- 
to-sateHite tracking technique be used to help to Improve our knowledge of the 
earth’s gravity fields? In the meantime, two other spacecraft have been added 
as low orbiting spacecraft to this experiment, namely, the Geos -3 and lately 
the Ar* >llo-Soyuz. Data from the Apollo -Soyuz look very encouraging and may 
help un to determine short wavelength gravity anomalies of the earth’s gravity 
field since extreme precise (0.03 cm per second for 10 second integral on. 
Doppler trackings were obtained from the Apollo-Soyuz/ATS-6 com! inaiion. 
Satellite -to-Sate llite Tracking (SST) is not really a ground based experiment 
but rather one which includes a ground station and at least two spacecraft at 
the same time, such as ATS-6 and Nimbus-6, Geos-3 or the Apolio-Soyuz 
[ Vonbun, 1972; Schmid, Vonbun, 19751 . It is however listed here under ground 
systems more or less arbitrary. 

The mobile GEOS-3 Laser Net is a system of four precision lasers at Goddard, 
Bermuda, Cape Kennedy and Grand Turk. Its main purpose is to determine 
very accurately (~ 50 cm) the height of GEOS-3 above the ocean surface L Vonbun, 
1975], Together, with an effort at Goddard to ’’compute” the sea surface en- 
closed by these stations to the same accuracy the GEOS-3 project (Wallops) will 
then Ije able to calibrate the radar altimeter. This Is the first time that an 
active orbiting radar system will be calibrated to a possible accuracy to be ap- 
proximately in the submeter range. 

Laser Earth Dynamics Project (LED) 


This project is part of the approved Lageos project. It’s purpose is to under- 
take high accurate (1 to 2 cm) range measurements to the Lageos and other 
spacecraft on a global scale using U. S. and possibly foreign laser tracking 
stations. More specific, the LED project objectives are to develop techniques 
to determine a broad range of parameters of importance to geodynamic experi- 
ments with improved precision and apply them to the analyses of the earth in- 
ternal structure, the geometry and motion of tectonic plates, internal deforma- 
tion, measurements for generation of earthquakes, irregularities in the earth 
rotation, variations of the earth’s poles ami strains induced by tidal stresses 
in the solid earth. The precision of the laser systems globally distributed will 
enable us to determine plate motions with an accuracy of 1 cm per year and 
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pole position to say 1 cm, tidal amplitudes to 2 to 5 cm and variations in the 
earth rotation to less than a millisecond. 

Astronomical Radio Interferometric Earth Survey (ARIES) 


This proposed project (executed by the Jet Propulsion Laboratory) employees 
VLBI techniques to determine parameters of geophysical interest. The primary 
objective of this project is to demonstrate the utility of Very Long Baseline 
Interferometry and related techniques in a system for measurement of far field 
tectonic plate movements and the tnree-dimensional motions in and adjacent to 
fault zones. A series of tests have been performed at Goldstone, California 
showing that thes'' kind of techniques give compatibility results with laser tech- 
niques, that is, distance determination can be made with errors in the sub- 
decimeter range. 

Pacific Plate Motion Experiment (PPME) 

PPME is a project to develop wide band Very Long Baseline Interferometry for 
geodynamic applications on a global scale. The objective of PPME is to meas- 
ure directly the three-dimensional movement of the central part of the Pacific 
plate relative to the North American plate. Movement of the plate is estimated 
from current models to be about 8 cm per year toward the northwest from the 
east Pacific rise. There have been, however, no dire.H measurements of this 
movement except from local geodetic surveys along bou iding faults such as the 
San Andreas; in addition, .'t is not known how this motion varies over relatively 
short time of say 3 years. In the 1977-80 time frame it is expected that the 
equatorial baseline components by two VLBI stations can be determined to 5 cm 
or less and the polar baseline component to 8 cm or less. The second objective 
is to determine polar motion and earth rotation variations and compare that with 
the results obtained from laser tracking techniques. It should be mentioned 
here that intercomparison is of utmost importance since the measurements 
accuracy required are so extreme and have never been done before. In essence, 
one has no way of checking the results with one system alone. A third objective 
is to study the modelling errors of the VLBI systems limited mostly by the 
atmosphere. 

Other experiments contributing to the program were performed in the past or 
are under way at present in ocean dynamics, particular in the area of radar 
altimetry and sea surface topography [McGoogan, 1974; Vonbun 1975], 
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V. ACCOMPLISHMENTS 
A. Earth Dynamics 


Satellites have in the past contributed essential information for the determin- 
ation ot the earth’s gravity field O'Keefe et al. 1959 . The latest Goddar^ 
earth models, GEM 5 and G were developed by using 400,000 optical and elec- 
tronic space tracking data from 27 spacecraft iLerch, 1974!. In addition, 
about 1,600 ground gravity data (5 n x 5° average) from the Air Force Chart 
Information Service in St. Louis have been used in the construction of this 25° 
order model. The estimated accuracy of the model is about ±8 mgals averaged 
over 4° x 4° segment of the earth's surface. In the past polar motion and earth 
tides have been determined by using precision laser tracking of the Beacon 
Explorer C (BE-C) satellite [Smith et al, 1972, Kolenkiewicz et al., 1973 . 
Further baselines have been determined between laser stations separated about 
900 km with an accuracy to the decimeter range shown in Figure 4 for the San 
Andreas Fault Experiment (SAFE) [Smith, Vonbur., 1973!. During the last few 
years new tracking and sensing methods, namely, satellite-to-satellite tracking 
has been developed to specifically detect and determine gravity anomalies of the 
earth field [Vonbun, 1975 . Spacecraft such as GEOS- 3, Nimbus-6 and, re- 
cently, the US/USSR Apollo-Soyuz has been tracked via the ATS-F communica- 
tions satellite. Gravity anomalies have been detected for the first time on earth 
during this experiment. 

Figure 5 shows the ground tracking together with the detected anomalies, namely, 
the Himalayan and the Indian Ocean anaomaly. The Indian Ocean anomaly results 
in a range rate variation (between Apollo and ATS-6) in the order of 3 cm per 
second as shown on the left side of Figure 5. I his is in good agreement with 
the expected variation computed with the assumed value of the Indian Ocean 
anomaly. These "range rate" signatures have been detected repeatedly giving 
us confidence that they are real. We have further in the past developed a new 
geoid at Goddard as shown in Figure 6 together with the Sky lab 4 ground track 
[March, Vincent, 1974 1 based upon the Lurch field. During the last Skylab 
mission we had our first opportunity to test to a certain extent the accuracy of 
this geoid [Vonbun, et al., 1975 i. The Skylab on-board radar altimeter was 
turned on over the portion of the ocean as shown in Figure G and Figure 7 
depicts the "measured" and "computed" geoid based on the latest Goddard model. 
As can be seen, fairly good agreement was achieved during this first test of 
this kind every made. 

The latter investigation brings us already into the area of ocean dynamics and 
demonstrator clearly that earth observation disciplines are Interconnected. 


9 



rho study ol the deviation of the real ocean surface from the gcoid reveals such 
information as gcostrophic currents, wind pile-ups, eddies, storm surges, etc. 
providing, of course, that the sea surface is accurately known. 

B. Ocean Dynamics 


As mentioned already the Skylab radar altimeter data are bridging the disci- 
plines of earth and ocean dynamics. These data show, among oilier phenomena, 
that detailed features of the ocean topography are detectable from space. Fig- 
ure 8 depicts, for instance, the Puerto Rican Trench very clearly McGoogan, 
1975; Vonbun, et al., 19751. Other phenomena such as water "grubens” and 
’’mountains" (10 meters high, 200 km baseline) have further been detected with 
11 is system clearly Indicating the extreme usefulness of radar altimetry for 
extremely d tailed topographic studies of the ocean surface. In addition, the 
radar altr«.et • was able to detect rain cells (return signal attenuated) and 
\rface v.a .ds. Further, heights on ocean waves could be determined which 
anifest themselves by modifying the leading edge of the radar return pulse. 

To be more specific, the more the leading edge of the radar return pulse is 
tilted, the higher the waves Miller, Hammond, 1972; McGoogan, 1 97-4 

Real progress is being made utilizing the altimeter flown on GFOS-3 which is 
thi first unmanned spacecraft to carry a high precision radar altimeter. Re- 
mits are expected to lie published by fall of 1970. 


VI. CONCLUSION 

In conclusion, it can be stated that this program has had a very successful 
start. GFOS-3 has been orbited; the SST experiments with ATS-6 and Nimbus-6, 
GKOS- 3 and Apollo/Soyuz show promising results; the SAFE experiment is under- 
way; I.ageos is finished and .vill be launched bi April 1976; ant! Sea sat has been 
started. 

Certainly new and existing results can be expected in both the Earth and Ocean 
Dynam. s disciplines. 
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Table I 


PRACTICAL USES OF OUTER SPACE 
EARTH DYNAMICS REQUIREMENTS 


PHENOMENA 

STATE OF THE ART 

POSSIBLE FUTURE NEEDS 

FAULT MOTION 

KNOWN NEAR THE FAULT LINE 
(±20 km) 

0.5 TO ±1 cm/yr ACCURACY 
NEAR & FAR FROM THE FAULT 

TECTONIC 

MOTION 

NO REAL GEODETIC MEASUREMENTS, 
AVERAGE OVER MILLIONS OF YRS TO 
±0.5 cm/yr 

0.5 cm/yr OVER 300 TO 500 
DAYS 

POLAR MOTION 

±80 cm OVER 6 TO 12 HRS. 

n s COMPONENT. LASER OR 
CORNER CUBE SPACECRAFT, VLBI 

±2 TOj;5 cm TOTAL 

EARTH 

ROTATION 

1 msec OR 50 cm 

LESS THAN 0.05 TO 0.1 msec OR 
~ 2 TO 5 cm 

VERTICAL 

MOTION 

INSUFFICIENT DATA OVER 
LARGE DISTANCES (500 km) 

0.5 cm/yr OVER FEW HUNDRED 
KM REGIONS 

SOLID EARTH 
TIDE 

+10 cm AMPLITUDE, PHASE ERROR 
LARGE (OCEAN LOADING) 

±1 cm AMPLITUDE & ~10° IN 
PHASE, GLOBALLY 

GRAVITY FIELD 

25 x 25 ORDER St DEGREE 

— 

1 TO 3 mgals, (2° x 2< ) 
GLOBALLY 
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Table I (Cont'd) 


PRACTICAL USES OF OUTER SPACE 
EARTH DYNAMICS REQUIREMENTS 

(CONT’D) 


PHENOMENA 

STATE OF THE ART 

POSSIBLE FUTURE NEEDS 

SURFACE GEOLOGY 

DETECTED LINEARS, SKYLAB, 
LANDSAT 

ACCURATE LINEAR STRUCTURE 
IDENTIFICATIONS 

GEOID 

ACCURACY 3 TO 5 m LOCAL 
1500 km, 5 TO 25 m GLOBAL 

ACCURACY 2 TO 10 cm, X = > 

200 km, GLOBAL j 

MEAN OCEAN <1 cm 

SURVEYS (LAND) 
MAPPING 

— 10m USING TRANSIT AND 
OTHER POSITIONING SYSTEM 

m RANGE 

SURVEYS (OCEANS) 

±10 m USING TRANSIT 

5 TO 10 m 

MAGNETIC FIELD 

+ 20 Y SCALAR, GLOBAL 

+3 Y SCALAR 

+ 6/ IN VECTOR COMPONENTS 
GLOBAL AT 300km HEIGHT 














Table II 


practical uses of outer space 

OCEAN DYNAMICS REQUIREMENTS 


PHENOMENA 

STATE OF THE ART 

POSSIBLE FUTURE NEEDS 

WAVE HEIGHT 

-30% ACCURACY , LIMITED OCEAN COVER- 
AGE 

0.5 m OR - 10% GLOBAL 

WAVE DIRECTIUNAL 
SPECTRUM 

LIMITED IN VERY LOCALIZED AREAS 

DIRECTION +5°, 10% MAGNITUDE 
X - 50 TO 1000 METERS 

SURFACE TEMPERA- 
TURE FIELD 

± i JO 2°C, 5 km RESOLUTION IR 
RADIOMETER. 0 TO 35°C 

+ 0.3°C GLOBALLY, RESOLUTION 
10 km. 2 TO '0°C 

SURFACE WINDS 

SPEEDS DETERMINED 3 TO 15 m/s 
FROM MICROWAVE RADIANCE (NIMBUS) 

DETERMINE SPEED TO - 10% AND 
DIRECTION TO —15° 

CURRENTS, 

CIRCULATION 

boundaries determined BY TEMPERA 
TURE MAPPING (SKYLAB, NIMBUS) 

VELOCITY DETERMINATION TO 
+ 1 TO 3 cm/s (GEOSTROPHY) 




Table II (Cont'd) 


PRACTICAL USES OF OUTER SPACE 
OCEAN DYNAMICS REQUIREMENTS 

(CONT’D) 


j PHENOMENA 

STATE OF THE ART 

POSSIBLE FUTURE NEEDS 

TIDES 

TIDAL MODEL PREDICTIONS: 1.5 m 
AMPLITUDE IN OPEN OCEAN, 5° TO 
15° IN PHASE (MANY METERS NEAR 
SHORE) 

GLOBAL TO 2 TO 10 cm IN 
AMPLITUDE & 0.3° IN PHASE 

ICE, POLYNYAS 

ICE AREAS MAPPED, AGE DETERMINED, 
OPEN AREAS GROSSLY MAPPED 
RESOLUTION ~ 30 km (NIMBUS) 

ICE STRUCTURE, & DRIFTS, 
POLAR ICE CAPS VARIATION, 
cm/yr, DEPTH, AGE, OPEN 
WATER WITH HIGH RESOLUTION 
10 to 20 m 

SURFACE 

SALINITY 

SPARSE DATA, L BAND, SKYLAB, 12% 
ACCURACY AT 30°C ONL V 

WORLDWIDE, 1% ACCURACY 
OVER LARGER TEMPERATURE 
RANGE 

OCEANIC EDDIES 

ONLY SPARSE INFORMATION AVAILABLE 
FROM TEMPERATURE MAPS 

SCALE 100 TO 300 km . 

2 TO 10 cm TOPOGRAPHY, ; 

POSITION TO ~10 km ; 




Table III 


MAJOR GOALS - EARTH DYNAMICS 

• EARTHQUAKE HAZARD ASSESSMENT AND ALLEVIATION 

• UTILIZE SPACE CAPABILITY TO PROVIDE IMPORTANT INFORMATION 
FOR EARTHQUAKE HAZARD ASSESSMENT AND ALLEVIATION 
(FAULT MOTION, POLAR MOTION, EARTH ROTATION VARIATIONS. 
TECTONIC MOTION) 

• DEVELOP MATHEMATICAL MODELS TO PREDICT PROBABLE TIME. 
LOCATION AND INTENSITY OF EARTHQUAKES 

• GLOBAL SURVEYING AND MAPPING 

• UTILIZE SPACE CAPABILITY TO EXTEND GEODETIC CONTROL TO 
REMOTE AREAS AND THE OCEAN FLOOR (0.5m VERT., 10m HORIZ.) 

• PROVIDE REFERENCE FIELDS (GRAVIMETRIC, MAGNETIC) OF THE 
EARTH FOR USE IN SURVEYING, GEOPHYSICAL STUDIES. AND 
POSSIBLE ASSISTANCE IN SEARCH FOR MINERAL RESOURCES 


Table IV 


MAJOR GOALS - OCEAN DYNAMICS 

• OCEAN CURRENTS AND CIRCULATION 

• UTILIZE SPACE CAPABILITY TO DETERMINE SEA SURFACE 
TOPOGRAPHY AND THE SEPARATION BETWEEN THE SEA 
SURFACE AND THE GEOID TO IMPROVE MODELS OF OCEAN 
CIRCULATION AND CURRENTS 

• APPLY MODELS FOR CIRCULATION AND CURRENT TO 
PROBLEMS ASSOCIATED WITH POLLUTION, FOOD RESOURCES, 
SHIPPING AND CLIMATE 

• OCEAN SURFACE CONDITION MONITORING 

• UTILIZE SPACE CAPABILITY FOR SYNOPTIC MEASUREMENTS 
OF SEA STATE, SURFACE WIND AND ITS DIRECTION, 

STORM SURGES.... 

• APPLY THE ABOVE TO HELP SHIPPING, FISHING, WEATHER 


FORECASTING 



Table V 


EXPERIMENTS - EARTH DYNAMICS 

• EARTHQUAKE HAZARD ASSESSMENT AND ALLEVIATION 

• SAN ANDREAS FAULT EXPERIMENT (SAFE) (LASER; POSS. VLBI) 

• PLATE MOTION EXPERIMENT (VLBI, LASER) 

EAST-WEST COAST, US-JAPAN, US-GERMANY & OTHERS 

• SOLID EARTH TIDES (LASER, ATS-G) 

• EARTH MOTION DETERMINATION; POLAR MOTION; 

UT-1, MOTION IN SPACE (LASER, VLBI, RADIO) 

• GLOBAL SURVEYING AND MAPPING 

• GRAVITY FIELD DETERMINATION, (LASER, SATELLITE TO SATELLITE 

TRACK (SST) ATS-NIMBUS GEOS GRADIOMETER) N.G.S.P. 

• GEOID AND GRAVITY FINESTRUCTURE (ALTIMETER. LASER, RADAR) 

• STATION LOCATION DETERMINATION (LASER. USB. RADAR. OPTICAL, 
DOPPLER.) 

• MAGNETIC FIELD DETERMINATION (M AGN ETOM ETER. SCALAR. VECTOR) 

• INTERNATIONAL GEOD. EXP., ISAGEX. EPSOC 


GSFC-550-248 
APRIL 1972 


EXPERIMENTS - OCEAN DYNAMICS 

OCEAN CURRENT AND CIRCULATION 

• OCEAN SURFACE TOPOGRAPHY; GEOID, TRENCHES; SLOPE. 

(ALTIMETER. SST, LASER) 

• GENERAL CIRCULATION (LAGRANG TRACERS, ALTIMETER. SST) 

• OPEN OCEAN TIDES, TSUNAMIES (ALTIMETER. SST) 

OCEAN SURFACE CONDITION MONITORING 

• SEA STATE, WAVE DIRECTION (ALTIMETER. SPEC MODE) 

• SURFACE WINDS (ALTIMETER, SCATTEROMETER) 

• STORM SURGES (ALTIMETER, SST) 



SPACECRAFT AND TRACKING SYSTEMS 
USED (TO BE USED) FOR THE EARTH AND 
OCEAN DYNAMICS APPLICATIONS PROGRAM 
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Figure 1 
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Figure 2 




EODAP- GROUND SYSTEMS 
(EXPERIMENTS) 
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Figure 3 




LATITUDE (39° 58') 



SAFE 1972 


QUINCY LOCATION - CEM I GRAVITY MODEL 



3762' 37 67'* 37 72'* 


LONGITUDE (239° 03 ) 


Figure 4 



ATS-6 APOLLO-SOYUZ 

INDIAN AND HIMALAYAN GRAVITY ANOMALIES 
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EAST LONGITUDE 
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Figure 5 





SKYU8 GROUND TRAC* 


NASA GODOARD SPACE FLIGHT CENTER 
DETAILED GRAVIMETRIC GEOID 

a, = 6378.142 km, Gm = 398600.9 km’/s 1 , 

1/1 = 298.295 


Figure 6 








SEASURFACE SKYLAB ALTIMETER MEASUREMENTS 

(PUERTORtCANTRENCH.SL 2 MISSION) 


0 0 


- 10.0 


-20 0 


30 U 


</> 

£ -40.0 


-60 0 


-70 0 


-iono 


[ 1 



! 



SKVL 

RAT 

AB PASS 4 MODE V 
E 8 PER SECOND - 
4 JUNE 1973 





1 







— ft 











[jj 

ALTIMETER RESIDUALS 
^ FROM S-BAND ORBIT 

— 





■ i 

4 






GODDARO 

GEOiD 


i\ 

lj _| 









n- 

*-■ 

f 

L_ 








i 


Iff"” 

p Vr 


r “IX 

i 1 

\ 

r 



i 






r w u.*y 

V 


■ 

J 


L 

L 

L 


-50.0 



GRAVIMETRIC CONTOURS 
OBTAINED F ROM I EVEL 
SURFACE PROFILES AcROSS 
THE PUERTO RICO TRENCH 
WILLIAMS VON - RX SCIENCE 
30 DECEMBER 196 
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